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INTRODUCTION 


In earlier reports (7—4), the presence 
was noted of an active dehydropepti- 
dase in aqueous extracts of the liver, 
kidney, and pancreas of mice, rats, rab- 
bits, and guinea pigs. The substrates 
employed were  chloracetyldehydro- 
alanine and glycyldehydroalanine, and 
the rates of hydrolysis of these com- 
pounds in extracts of each of the tissues 
mentioned, as measured by the am- 
monia nitrogen and the pyruvic acid 
produced, was very nearly the same. 
It was considered that the same enzyme 
was responsible for the hydrolysis of 
both kinds of substrate, and the desig- 
nation of dehydropeptidase, first intro- 
duced by Bergmann and co-workers (4, 
6), was employed for the enzyme. 

Extension of these studies to extracts 
of other tissues of these species, such 
as spleen, brain, muscle, and a wide 
variety of neoplasms, using chloracety]- 
dehydroalanine as substrate, revealed 
the nearly complete failure of such ex- 
tracts to hydrolyze this substrate, and 
it was reported that dehydropeptidase 
activity was absent in these tissues 
(1-4). 

=e is the partial purpose of the 
present communication to amend these 
reports; because when glycyldehydro- 
alanine is used as substrate, no animal 
tissue so far studied, whether normal or 
neoplastic, has failed actively to hydro- 
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lyze it. It would therefore appear as 
if there were at least two dehydropepti- 
dases, one with a very wide, the other 
with a relatively limited distribution 
in animal tissues. 


EXPERIMENTAL PROCEDURE 


The substrates and the experimental 
methods employed were the same as 
those described in detail earlier (7). 
The hydrolysis of the peptides was fol- 
lowed by measuring the ammonia and, 
in certain instances, the pyruvic acid 
produced. A slight variation was in- 
troduced in the composition of the di- 
gests containing glycyldehydroalanine 
in employing only 1 ec. of tissue ex- 
tract at a higher dilution than hereto- 
fore. 

The progressive hydrolysis of glycyl- 
dehydroalanine in extracts of rat liver 
and of rat muscle is shown in table 1. 
The digests consisted of 1 cc. of sub- 
strate at 2510 molar concentration, 
1 ce. of phosphate buffer at pH 6.9, and 
1 ce. of tissue extract equivalent to 166 
mg. tissue. Suitable controls (1) with- 
out substrate and (2) without extract 
were employed and the necessary cor- 
rections made. The substrate solutions 
were stable for weeks in the refrigera- 
tor. 

The rate of hydrolysis of glycyldehy- 
droalanine is nearly the same in ex- 
tracts of rat liver and of rat muscle 
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(table 1). Similar extracts of the liver 
split chloracetyldehydroalanine at an 
identical rate, but those of the muscle 
do not attack this compound at all (7). 
It is apparent from the results in table 


TABLE 1.—Progressive hydrolysis of glycylde- 
hydroalanine in rat-tissue extracts * 


Period of Liver Muscle 
incubation 
(in 
Ammonia} var, | Ammonia} p 
minutes) nitrogen Pyruvate nitrogen Pyruvate 
Mols x 108 | MolsX 10° | MolsX10® | Molsx 106 

er 13 10 10 8 
60 18 13 14 10 
W 20 |. 
120 20 19 20 16 
180 21 19 20 18 


1 Data in terms of molsX10* of ammonia nitrogen or 
pyruvie acid split from 25X10 mols substrate after desig- 
nated periods of incubation at 38° C. with 1 cc. tissue extract 
aa to 166 mg. tissue plus 1 cc. phosphate buffer at 
»H 6.9. 
' Glycine and glycylglycine are not deaminated under these 
conditions (/), 


TaBLe 2.—Hrocystine desulfhydrase and dehydropeptidase activity in normal and neoplastic 
tissues * 
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1, that under the conditions employed, 
a maximum hydrolysis of 80-84 percent 


of the substrate is reached in about 2 
The failure to 
obtain that ammonia nitrogen corre- 


hours of incubation. 


sponding to complete hydrolysis is at 
present inexplicable. 


The nearly parallel distribution of the 
enzymatic systems which hydrolyze the 


cystine peptides and chloracetyldehy- 


droalanine to yield pyruvic acid and am- 
monia has been reported in the case of 


several tissues (1-4). Since dichlorace- 


tyleystine was used for most of these 


studies, it was considered desirable to re- 
peat them by using diglycyleystine as 
substrate. The results with the latter 
were identical with those obtained with 
the former compound. In table 2 are 
given the data on the distribution among 
a variety of normal tissues of enzymativ 
systems which hydrolyze the peptides of 
cystine and the peptides of dehydroala- 


Ammonia nitrogen evolved from— 


Cystine peptides 2 


Tissue 


Mouse 


Normal liver S11 4 3 
Regenerating liver __._- 

Transplanted hepatoma.. 0 0 
Fetal liver AS 5 


Primary hepatoma. 
Spleen__- 
Kidney - 
Brain 


Intestinal mucosa. 2 
Intestinal 0 
Melanoma 0 
837. 0 
CR180 0 
Brown-Pearce tumor __--- 0 
Fibrosarcoma 0 
Jensen sarcoma. 0 
Lung tumor F_.- 0 


Rab- 
bit pig 


Chloracetyldehydroalanine * Glycyldehydroalanine ‘ 
Rab- |Guinea ,| Rab- |Guinea 
Rat | Mouse bit pig Rat | Mouse bit pig 
5620 15 12 12 | 5620 18 13 1 
0 0 0 0 19 17 12 lf 
20 23 14 16 22 21 14 19 
0 0 0 0 518 17 15 2 
0 0 0 0 20 16 12 4 
10 4 3 10 17 20 15 1 
0 19 
0 23 
0 21 
0 
0 16 
0 17 


1 Data in terms of molsX10° of ammonia nitrogen 
evolved from 25X10-* mols substrate after 2 hours of 
incubation at 38° C. Results corrected for blanks on tissue 
extracts. 

2 Cystine peptide substrates are, interchangeably, diglycyl- 
cystine and dichloracetyleystine. Cystine yields identical 
results. Concentrations of these substrates based on half- 
molecules, e. g., 25X10-* mols sulfur. Digestion mixtures 
composed of 1 ec, substrate, 1 ce. phosphate buffer at pH 
6.9, and 2 cc. aqueous tissue extract equivalent to 333 mg. 
tissue per cubic centimeter (7). 

3 Digestion mixtures composed of 1 cc, 


substrate, 1 ce. 


phosphate buffer at pH 6.9, and 2 cc. aqueous tissue extract 
equivalent to 333 mg. tissue per cubic centimeter. 

4 Digestion mixtures composed of 1 cc. substrate, | cc 
phosphate buffer at pH 6.9, and 1 cc. aqueous tissue extract 
equivalent to 166 mg. tissue. 

5 Pyruvate demonstrated. See table 1. 

6 Identical results obtained when digestion was conducted 
under anaerobic conditions. 

7 Digests with serum conducted with 1 cc. undiluted and 
fresh material. Corresponding values for human serum are 
— chloracetyldehydroalanine and 4 with glycyldehydre- 
alanine. 
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nine to products which include pyruvic 
acid and ammonia. 

It isevident (1) that every normal tis- 
sue investigated has the capacity of 
hydrolyzing glycyldehydroalanine, (2) 
that of the normal tissues studied, only 
liver, kidney, and pancreas can hydro- 
lyze chloracetyldehydroalanine and at- 
tack the peptides of cystine, and (3) that 
although the activity of fetal liver to- 
ward glycyldehydroalanine is nearly the 
same as that of adult liver, the capacity 
of the former tissue to attack chlorace- 
tyldehydroalanine and the cystine pep- 
tides is lower than that of the latter 
tissue. Experiments with a wide va- 
riety of tumors in rats, mice, rabbits, 
and guinea pigs have revealed, as before 
(1), the inability of these tissues, with 
the exception of the primary rat hepa- 
toma, to attack chloracetyldehydroala- 
nine and the peptides of cystine but now 
demonstrate in every neoplasm studied 
an active hydrolysis of glycyldehydro- 
alanine. Extracts of the primary rat 
hepatoma can hydrolyze chloracetylde- 
hydroalanine but cannot attack peptides 
of cystine. 

The acyl amino acid or chloracetyl 
acid was not isolated. In the case of the 
chloracetyl peptides, the ammonia could 
only have been produced subsequent to 
the splitting of the peptide bond, and 
its only source is the nitrogen of cystine 
or dehydroalanine. In the case of the 
glycyl peptides, it has been shown that 
neither glycine nor glycyl peptides as 
such are deaminated under the present 
conditions (7, 7), nor for that matter 
could glycine yield pyruvic acid within 
the period observed. 


DISCUSSION 


The widespread occurrence among 
animal tissues of a highly active enzyme 
which hydrolyzes glycyldehydroalanine 
is rather striking. The nonidentity of 
this enzyme with dipeptidase was 
pointed out by Bergmann and Schleich 
(5, 6) and by the authors (7) and is 
emphasized by its high activity intra- 
cellularly and wide distribution. The 
hydrolysis of chloracetyldehydroala- 
nine, on the other hand, is limited to 


only a few tissues, and the nonidentity 
of the responsible enzyme with carboxy- 
peptidase has been mentioned (7). 

The hydrolysis of glycyldehydro- 
alanine and of chloracetyldehydro- 
alanine occurs to nearly the same extent 
in the liver, the kidney, and the pan- 
creas of the species of animals studied. 
Under the conditions employed, the 
hydrolysis of the former substrate is 
accomplished at about the same extent 
in the spleen, brain, and muscle of these 
species, whereas no evidence of hy- 
drolysis of the latter substrate is ob- 
served in these tissues. Furthermore, 
when rat liver is transformed into a 
hepatoma, the capacity to hydrolyze 
glycyldehydroalanine is retained com- 
pletely, whereas the capacity to hydro- 
lyze chloracetyldehydroalanine de- 
creases; in the transplanted hepatoma, 
the latter capacity nearly disappears. 
Similar findings have been observed in 
the case of the normal intestinal mu- 
cosa and the transplanted intestinal 
adenocarcinoma of the mouse (table 2). 
The capacity of every tumor studied to 
hydrolyze glycyldehydroalanine and the 
nearly complete failure of every trans- 
— tumor to attack chloracetylde- 
iydroalanine are noteworthy. It is 
evident that the capacity of tissues to 
hydrolyze glycyldehydroalanine is not 
affected by either the neoplastic trans- 
formation or subsequent transplanta- 
tion of the tumor. 

In view of the present findings, it is 
suggested that there are at least two 
dehydropeptidases, one of which, desig- 
nated as dehydropeptidase I, acts upon 

lycyldehydroalanine, and the other, 
as dehydropeptidase II, acts 
upon chloracetyldehydroalanine. The 
former enzyme apparently requires the 
presence of an a-amino group in the 
substrate. The latter enzyme can ap- 
parently dispense with the a-amino 
group. The need for the presence of 
an a-carboxyl group for dehydropepti- 
dase activity was shown by Bergmann 
and Schleich (5), who observed the 
lack of susceptibility of glycyldehydro- 
phenylalanylglycine. 

It has been noted that peptides of 
cystine, including diglycyleystine, cys- 
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tinyldiglycine, cystinyldidiglycine, cys- 
tinylcystine, cysteinylcysteine, and 
dichloracetylcystine yield by enzymatic 
hydrolysis products which include hy- 
drogen sulfide, ammonia, and pyruvic 
acid (7-4). Glutathione and the dike- 
topiperazines of cystine and of cysteine 
are not susceptible. The hydrolysis of 
the vulnerable cystine peptides occurs 
in liver, kidney, and pancreas, but not 
in spleen, brain, muscle, or in tumors 
(7-4). Interestingly enough, there ap- 
pears to be no difference in suscepti- 
bility between diglycyleystine and di- 
chloracetyleystine ((7) and table 2). 
The improbability that dipeptidase or 
carboxypeptidase could be involved to 
any extent in the break-down of these 
peptides has been mentioned (7). Be- 
cause of the need for the presence of 
either a free a-amino group or a free 
a-carboxyl group in the cystine pep- 
tides, the enzyme responsible for the 
initial removal of sulfur from the 
cystine moiety has been designated as 
exocystine desulfhydrase (7-4).'. The 
break-down of the susceptible cystine 
peptides to yield pyruvic acid and 
ammonia was considered to involve the 
following consecutive steps: 
| RCHCONHCH (COOH) CH,S—].—>2 RCHCONHC- 
(COOH) =CH.+ +8 
RCHCONHC (COOH) = CH.—>RCHCOOH + NH, + 
CH,COCOoH (2) 
Step 1 is accomplished by exocystine 
desulfhydrase, yielding the correspond- 
ing a which is hydrolyzed 
in step 2 by dehydropeptidase to pro- 
duce pyruvic acid and ammonia.’ It is 
seen from table 2 (1-4) that the dis- 
tribution among the various tissues of 
the enzymes whose activity results in 
the break-down of the cystine peptides 
to yield pyruvic acid and ammonia 
runs parallel with the distribution of 
dehydropeptidase II which yields these 


1 Smythe (10) has suggested that the enzyme re- 
sponsible for removing hydrogen sulfide from cys- 
tine be designated as desulfhydrase, and this ter- 
minology has been adopted. 

It may seem curious to use the evolution of am- 
monia and pyruvate from peptides of cystine as a 
test for desulfhydrase activity, but it has been noted 
invariably that hydrogen sulfide can be detected in 
digests of these substrates only when ammonia and 
pyruvate are simultaneously formed (1). 

2It is obvious that exocystine desulfhydrase ac- 
tivity as measured by ammonia and pyruvate forma- 
tion includes both steps 1 and 2. The desulfhydrase 
is the limiting factor in the rate whereby these 
products are formed. 
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products from chloracetyldehydroala- 
nine. That some such mechanism as 
the consecutive steps 1 and 2 must be 
operative may be illustrated in the case 
of the peptide diglycylcystine. The de- 
sulfhydration of this compound may be 
considered to lead to glycyldehydroala- 
nine. There isa 
tidase in muscle which hydrolyzes gly- 
cyldehydroalanine to pyruvic acid and 
ammonia (tables 1 and 2). The failure 
to find these products as well as hydro- 
gen sulfide in digests of muscle extract 
with diglycyleystine indicates the ab- 
sence of exocystine desulfhydrase in 
this tissue. 

The widespread occurrence and pow- 
erful activity of dehydropeptidase in 
tissues as compared with the relatively 
weak activity in most tissues of the pep- 
tidases for saturated-chain peptides 
(aminopeptidase, carboxypeptidase, 
etc.) lend weight to Bergmann’s origi- 
nal view (8,9) that amino acids can be 
catabolized when in peptide linkage. 
The occurrence of dehydropeptidase I in 
tissues lacking exocystine desulfhydrase 
activity suggests that the parent moiety 
of a,8-unsaturated-amino-acid residues 
in susceptible peptides may be other 
amino acids besides cystine. Investi- 
gations of peptides of serine are now 
under way in this connection. 


SUMMARY 


The presence of a dehydropeptidase 
which rapidly hydrolyzes glycylde- 
hydroalanine has been demonstrated in 
the liver, spleen, kidney, brain, muscle. 
and pancreas of rats, mice, rabbits, and 
guinea pigs, in the fetal liver of rats and 
of rabbits, in the intestinal mucosa of 
mice, in the serum of rats, rabbits, and 
guinea pigs, and in tumors of all four 
species of animals. The products in- 
clude ammonia and pyruvic acid. Of 
the tissues named, chloracetyldehydro- 
alanine is hydrolyzed only in liver, fetal 
liver, kidney, pancreas, intestinal mu- 
cosa, and the primary hepatoma. The 
enzyme acting on the former substrate 
has been tentatively designated as de- 
hydropeptidase I, that acting on the 
latter substrate as dehydropeptidase IJ. 
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The enzymatic break-down of digly- 


cyleystine has been studied in the tis- 
sues listed and found to occur to the 
same extent in the same tissues as di- 
chloracetyleystine. The distribution of 
the enzyme responsible for the initial 


(1) GReeNstTeIN, J. P., and LEvuTHARDT, 
F. M.: Degradation of cystine peptides 
by tissues. I. Exocystine desulfurase 
and dehydropeptidase in rat liver ex- 
tracts. J. Nat. Cancer Inst., 5: 209- 
221 (1944). 


(2) GREENSTEIN, J. P., and LEUTHARDT, 
F. M.: Degradation of cystine peptides 
by tissues. II. Distribution of exo- 
cystine desulfurase and dehydropepti- 
dase in tissue extracts of various 
species. J. Nat. Cancer Inst., 5: 223- 
225 (1944). 

(3) GREENSTEIN, J. P., and L&uTHARDT, 
F. M.: Degradation of cystine peptides 
by tissues. III. Absence of exocystine 
desulfurase and dehydropeptidase in 
tumors. J. Nat. Cancer Inst., 5: 249 
(1945). 

(4) LeuTHARDT, F. M., and GREENSTEIN, 
J. P.: The degradation of cystine pep- 
tides by tissues. Science, 101: 19-21 
(1945). 

(5) BercMANN, M., and ScuHreicH, H.: 

Uber die enzymatische Spaltung de- 

hydrierter Peptide. Auffindung einer 

Dehydropeptidase. Ztschr. f. physiol. 

Chem., 205: 65-75 (1932). 


desulfuration of these cystine peptides, 
designated as exocystine desulfhydrase, 
is similar to that of dehydropepti- 
dase IT. 
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Health Service 
INTRODUCTION 


The use of benzoylarginineamide as 
a substrate for intracellular protease is 
due to Bergmann and co-workers (7). 
This substance is readily hydrolyzed at 
the amide bond by crystalline trypsin 
and by various purified fractions of ani- 
mal tissues, particularly spleen and 
kidney. As a substrate for protease, 
benzoylarginineamide possesses many 
advantages over the use of whole pro- 
tein, for the splitting of the former can 
be quantitatively and unequivocally 
measured. The enzymatic hydrolysis of 
benzoylarginineamide has not hereto- 
fore been investigated in total extracts 
of tissues, whether normal or neoplastic. 
Such an investigation is reported in the 
present paper as part of a series of stud- 
ies on the enzymatic patterns of normal 
and of neoplastic tissues (2). 


EXPERIMENTAL PROCEDURE 


Freshly removed tissues from animals 
killed by decapitation or cervical dis- 
location were employed. The tissues 
were ground to a fine paste with sand in 
a glass mortar, taken up with six times 
their weight of distilled water, and cen- 
trifuged at low speed for a few minutes, 
and the supernatant was used immedi- 
ately as the source of enzyme. The he- 
patic tumors employed included several 
samples of the primary rat hepatoma 
(induced by ingestion of p-dimethyl- 
aminoazobenzene), of transplanted 
mouse hepatomas 587 and 98/15, and of 
transplanted rat hepatoma 31.2 The 


‘Although the enzyme which hydrolyzes ben- 
zoylarginineamide may be considered to be also a 
protease, it is referred to in the present paper as 
an amidase. There is no essential discrepancy in 
such a designation from that of protease, inasmuch 
as the peptide bond, which is attacked by protease. 
is a substituted amide linkage. The designation of 
amidase is preferred herein for the sake of accuracy. 

2 Supplied. respectively, by Drs. Florence R. White 
and A. B. Eschenbrenner, of this Institute, and 


by Dr. Alexander Dounce, of the University of 
Rochester. 
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BENZOYLARGININEAMIDE IN 


transplanted tumors were those fre- 
uently employed in previous investiga- 
tions (2). Several samples of each type 
of tissue were employed, the variations 
between them not exceeding 20 percent. 
The benzoylarginineamide, employed 
as the hydrochloride salt, was prepared 
by the method of Bergmann et al. (3) 
and was used in a concentration of 6.2 
mg. per cubic centimeter aqueous solu- 
tion. The digests were prepared b 
mixing 1 cc. of the tissue extract wit 
1 ec. of the substrate solution; the mix- 
ture was incubated at 38° C. for a desig- 
nated period, then treated with 3 cc. 
of distilled water and 1 cc. of saturated 
potassium carbonate, and the entire mix- 
ture aerated for 45 minutes. The am- 
monia which had been liberated from 
the substrate by the enzymatic digestion 
was caught in dilute sulfuric acid traps 
and was estimated by nesslerization. 
Controls of the tissue extracts were run 
simultaneously as were also controls of 
the substrate alone. The latter controls 
were invariably completely negative. 
The nearly negligible values of the am- 
monia found in the tissue extract con- 
trols were subtracted from the values of 
ammonia found in the test digests with 
substrate. The percent hydrolysis of 


the amide was calculated from these . 


data. 

The pH of the mixtures of tissue 
extracts with substrate was measured 
in several cases (liver, spleen, hepa- 
toma) and found to be 6.8-7.0 before 
the incubation and within the same 
range of pH after incubation. In cer- 
tain cases, 1 ce. of — buffer at 
pH 6.9 was added to the foregoing 
mixtures, and the activity of the result- 
ing digest was compared with those to 
which 1 cc. of water was added in place 
of the buffer. No essential differences 
in pH were noted among any of the 
mixtures studied. 
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RESULTS 


The first studies were concerned with 
the possibility of a progressive splitting 
of the subtrate at the amide bond and 
the need for knowing the proper con- 
ditions under which subsequent com- 
parisons of different tissues could be 
conducted. The progressive hydroly- 
sis of the amide in extracts of several 
tissues, as well as the nearly equal rates 
of hydrolysis for mouse and rat liver 
and hepatoma, is given in table 1. Ex- 


TABLE 1.—Progressive hydrolysis of benzoylar- 
ginineamide by tissue extracts? 


Splitting of substrate in extraets of— 


Period of incu- | pri- 
bation (in Mouse | mary 
hours) Mouse| hepa- | Rat | 4 Rat 

liver toma liver hepa- spleen 

= | toma 
Percent! Percent Percent Percent| Percent 
a | 17 19 18 19 22 
, } 34 32 34 32 40 
42 40 40 42 65 
eee 58 60 50 50 85 


1 Mixtures incubated at 38° C. and composed of 1 cc. 
extract equivalent to 333 mg. tissue p‘us 1 ec. substrate 
solution (6.2 mg.). 


tracts of rat spleen are evidently more 
active than are those of the hepatic 
tissues and reach the theoretical maxi- 
mum of hydrolysis after 5 hours of 
incubation. 

Several normal tissues of rats and 
of mice were studied at two different 
periods of incubation. The results are 
given in the third column of table 2. 

The relative activity in the various 
tissues in descending order appears to 
be spleen, liver, kidney, pancreas, 
brain, and muscle. 

An interesting comparison is that in 
the last three columns of table 2. First, 
the addition of 1 cc. of water to the 2 
ec. described in the third column re- 
sulted in little if any change in the 
activity of the digests in this column. 
Thus, the activity of the enzyme in the 
1 cc. of extract employed was very 
nearly the same when it was diluted to 
2 or to 3 cc. (columns 3 and 4). Dilu- 
tion with water per se at least to the 
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TABLE 2.—Activity in various normal tissues 


of the amidase system which hydrolyzes 
benzoylarginineamide * 


| | Splitting of substrate in— 


| | | 


Period | Extract 
issue of in- an 
i Extract phos- 
cubation } ond sub- water 
strate ? on and 
| strate 3 
Rat tissues: | Hours | Percent | Percent | Percent 
3 50 | 
Spleen 4 v4 | | 
4 | 10 i7 3 
iv 2 32 
Muse if 2 | 0 * 
Mouse tissues: 5 | | 
2 35 
Brain.__.... \ 2 | 
| 


1 Fresh tissue extracts employed with equivalent of 333 mg 
tissue per cubic centimeter of aqueous extract. Substrate 
stock solution at 6.2 mg. per cubic centimeter of aqueous 
solution. Incubation temperature, 38° C.; pH, 6.8-6.9. 

2 Digests composed of 1 ec. of extract plus 1 cc. of substrate 
solution. 

3 Digests composed of 1 cc. of extract plus 1 cc. of water plus 
1 cc. of substrate solution. 

* Digests composed of 1 cc. of extract plus 1 ec. of phosphate 
buffer at pH 6.9 (0.2 M) plus 1 ce. of substrate solution. 

5 Nearly identical data obtained with tissues from strain 
A and strain C3H mice. 

6 Addition of cysteine did not alter the results. 

7 Dialysis of extract prior to incubation did not alter 
results. 


extent of 50 percent resulted in no 
marked change in enzymatic activity of 
the amidase. When (column 5) the 
third cubic centimeter of water was 
substituted for by 1 cc. of phosphate 
buffer at the same pH, a very consid- 
erable decrease in enzymatic activity 
was produced. This effect of phosphate 
was repeatedly and consistently ob- 
served with several different samples of 
phosphate salts. The molarity of the 
buffer was 0.2. No deleterious effect 
of the phosphate solutions employed 
was noted on other enzyme systems. 
such as catalase or cystine desulfurase. 
The fact that other enzyme systems 
were not affected by such solution is no 
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proof that these solutions did not con- 
tain some impurity specifically inhibi- 
tory to the amidase for benzoylargin- 
ineamide; it would, however, be un- 
usual for the same impurity to exist 
to the same extent in various batches 
of phosphate salts. 

Addition of cysteine to extract of 
spleen did not augment the activity of 
the amidase, nor did dialysis of liver 
extract prior to the incubation dimin- 
ish its activity. 

Comparison of homologous hepatic 
tissues of the rat and the mouse is de- 
scribed in table 3. It is evident that 


TaBLeE 3.—Activity in homologous hepatic tis- 
sues of the amidase system which hydro- 
lyzes benzoylarginineamide* 


Period | Splitting 
Tissue of incu- | of sub- 
bation strate 

Hours Percent 
J — 2 32 
Regenerating rat liver ?.........-.....- 4 50 
Fetal rat liver { 
Primary rat = 
Normal mouse liver { 
Transplanted hepatoma 587 in A mice- : = 
Transplanted hepatoma 98/15 in C3H { 2 34 
4 60 


1 Mixtures incubated at 38° C. and composed of 1 cc. ex- 
cy — to 333 mg. tissue plus 1 cc. substrate solution 

.2 mg.). 

2 48 hours after partial hepatectomy. 

3 Rats pregnant about 2 weeks. 

4 Reduced to 20 percent in presence of phosphate. 

‘Identical values for livers of mice of strains A and C3H. 


the activity of all the tissues studied, 
with the exception of fetal rat liver and 
the transplanted rat hepatoma, was of 
very nearly the same order of magni- 
tude (table 1). The fetal liver was 
less active, the transplanted hepatoma 
definitely more active, than normal rat 
liver. The hepatoma, like normal liver, 
suffered a decrease in amidase activity 
in the presence of phosphate. 


DISCUSSION 


Comparison of the relative order of 
activity of the enzyme system which 
678505—46——2 


hydrolyzes benzoylarginineamide at pH 
6.9 (table 2) with that of the enzyme 
system which hydrolyzes hemoglobin at 
pH 4.6 (4) among the various tissues 
reveals a nearly complete similarity. 
Maver and Dunn (4) referred to the 
latter system by the classic designation 
of cathepsin. It would appear that the 
catheptic protease at pH 4.6 and the 
amidase at pH 6.9 were both most ac- 
tive in spleen, least active in muscle, 
more active in the transplanted hepa- 
toma than in normal liver, and less 
active in fetal liver than in adult liver. 
The parallelism between the two ef- 
fects extended to still other tissues. 
The catheptic protease at pH 6.9 was 
very weak; preliminary observations of 
the amidase at pH 4.6 revealed it to be 
also extremely weak.* Neither enzyme 
system apparently functioned well at 
pH ranges favorable for the other. 
Moreover, while the catheptic protease 
was activated by sulfhydryl, the ami- 
dase was not activated by this group- 
ing. If the amidase and the catheptic 
protease are identical enzymes, the con- 
ditions under which the catalytic sys- 
tem is active evidently depends upon 
the nature of the substrate. However, 
short of the suggestive evidence of the 
relative parallelism of the order of 
activity in several of the tissues there 
is no proof whatever of the identity of 
the catheptic protease and the amidase 
for benzoylarginineamide. 

The inhibitory effect of phosphate on 
the amidase is indeed curious and inex- 
ayes Phosphate was observed to 

deleterious to the desaminase for 
desoxyribosenucleate (5). An inter- 
esting parallelism beyond this is also 
observable between the amidase for 
benzoylarginineamide and the desami- 
nase for desoxyribosenucleate. Both 
enzymes are equal in activity in normal 
liver and in the primary rat hepatoma 
(6); both are more active in the trans- 
planted rat hepatoma and less active in 
fetal liver than in normal, adult rat 
liver (7); and among normal tissues 
both enzymes are most active in spleen, 


3 GREENSTEIN, J. P.: Unpublished data. 
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least active in muscle, and intermediate 
in activity in liver, kidney, and brain. 
The parallelism among various tissues 
of the amidase and catheptic protease 
on the one hand and of the nucleo- 
desaminases on the other lends some 
weight to the viewpoint (S) that pro- 
tein metabolism and nucleic acid me- 
tabolism are interrelated.* 


SUMMARY 


The activity of the enzyme system 
capable of benzolyargin- 
ineamide at the amide linkage was de- 


+A point of difference between the amidase and 
the desoxyribonucleodesaminase lies in the fact that 
the latter is inhibited, whereas the former is un- 
affected by dialysis prior to incubation with sub- 
strate (7). 
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Health Service 


In a series of investigations the au- 
thors have studied the enzymatic de- 
amination of the nucleic acids (1, 2) 
as well as the effect of added nucleates 
on dehydrogenase systems in aqueous 
extracts of a wide variety of normal and 
neoplastic animal tissues (3-6). Among 
the tissues studied were normal rat liver 
and transplanted rat hepatoma 31. 
Great differences were noted in the nu- 
cleodesaminase activity of the two types 
of tissues, as well as in the effect which 
added nucleates exerted on the dehydro- 
genase activity (as measured by the rate 
of decolorization of methylene blue). 
Thus, the activity of the desaminases for 
both ribosenucleate and desoxyribosenu- 
cleate was considerably higher in the 
transplanted hepatoma than in normal 
liver, while over a considerable range of 
dye concentration the effect of added nu- 
cleate, whether yeast (ribosenucleate) or 
thymus (desoxyribosenucleate), was to 
decrease the decolorization rate in the 
liver extracts and to increase it in the 
transplanted hepatoma extracts. In the 
absence of added nucleate, the decolori- 
zation rate of the dye was considerably 
lower in extracts of the transplanted 
— than in extracts of normal 
iver. 


NOTE ON SOME ASPECTS OF THE EFFECT OF NUCLEATES IN 
PRIMARY AND TRANSPLANTED RAT HEPATOMAS 


By Jesse P. GREENSTEIN, principal biochemist, and Harotp W. CHALKLEY, senior physi- 
ologist, National Cancer Institute, National Institute of Health, United States Public 


TABLE 1.—Rate of methylene blue decolorization in extracts of normal rat liver and of primary 
and transplanted rat hepatomas * 


In the course of these studies, some 
preliminary observations were made on 
a few samples of primary rat hepa- 
tomas, and it was noted that the rate 
of decolorization of methylene blue un- 
der identical conditions was very 
nearly the same in extracts of the pri- 
mary hepatoma and in extracts of nor- 
mal liver. With further samples of 
the primary rat hepatoma (induced by 
ingestion of p-dimethylaminoazoben- 
zene), these findings have been checked 
and confirmed by methods previously 
reported. Representative data are 
given in table 1. Five separate samples 
of the primary tumor and of normal 
liver were used with entirely consistent 
results. The data on transplanted hepa- 
toma 31 were abstracted from an earlier 
publication (5). The reproducibility 
of enzymatic data on several samples of 
the primary hepatoma is illustrated else- 
where (7). In all cases, the hepatoma 
was carefully dissected from neighbor- 
ing liver tissue, and areas of necrosis 
were removed, 

The data in table 1 reveal that at the 
dye concentrations employed, extracts 
of the primary rat hepatoma decolorize 


1 Samples of primary hepatoma were supplied b 
Dr. Florence R. White. 


Methylene blue 
(in millimols) 


YNA? 


TNA’ 


Decolorization rate in— 
Primary Transplanted 
Normal liver hepatoma hepatoma 


Mg. Minutes~X104 Minutes~'X10+ Minutes~1X104 
0 640 640 5 
0 600 550 370 
2.5 190 184 23 
0 182 182 
0 142 137 
5.0 26 


2? YNA, yeast (ribosenucleate) nucleic acid. 
’ TNA, thymus (desoxyribosenucleate) nucleic acid. 


! Mixtures composed of 1 cc. fresh aqueous extract (equivalent to 166 mg. tissue), 1 cc. of either distilled water or sodium 
nucleate solution, and 1 ec. methylene blue solution at concentration designated in table. T 
mary hepatomas based on 5 different samples of tissue. Anaerobic conditions throughout. 


emperature, 26° C. Data on pri- 


‘ At this concentration of dye, the rate of decolorization of the dye in extracts of the transplanted hepatoma was so low as 


to render its measurement impracticable (5). 
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methylene blue at the same rate as do 
extracts of normal rat liver, whereas ex- 
tracts of the transplanted rat hepatoma 
behave entirely differently. Insofar as 
the data indicate, the primary neo- 
plastic transformation of liver is not 
accompanied by any change in the over- 
all dehydrogenase activity, whether nu- 
cleate is present or absent. On trans- 
plantation of the primary tumor, the 
capacity to decolorize methylene blue in 
the absence of added nucleate is strik- 
ingly lowered; in the presence of added 
desoxyribosenucleate, this capacity is 
also greatly lowered but not to the same 
degree, while in the presence of added 
ribosenucleate this capacity is relatively 
little lowered. In terms of the patterns 
described earlier (5), both normal liver 
and the primary hepatoma possess an 
A, whereas the transplanted hepatoma 
possesses a C pattern, where the A pat- 
tern refers to the retarding effect of 
the nucleates, the C pattern to the-ac- 
celerating effect on the decolorization 
rate of methylene blue in tissue ex- 
tracts. When increasingly higher con- 
centrations of dye are used, extracts 
of normal liver tend toward assuming 
a C pattern (5). Whether extracts of 
the primary hepatoma would with in- 
creasing dye concentration approach 
the C pattern more rapidly than would 
normal liver under the same conditions 
is an open question, but the data in 
table 1 lend little encouragement to be- 
lief in the possibility. 

The similarity in behavior of the pri- 
mary hepatoma and of normal liver in 
the presence of added nucleates led to 
the study of the nucleodesaminase ac- 
tivity in these two tissues. The results 
. obtained by methods described (1, 2), 
together with earlier data on the trans- 
planted hepatoma 31, are given in 
table 2. 

The desamination of the two types 
of nucleate is nearly identical in nor- 
mal liver and in the primary hepatoma 
whereas it is quite different for both 
nucleates in the transplanted hepa- 
toma. The desamination capacity is 
increased in the last-mentioned tissue 
as compared with that of the first two 
tissues. The fact that the desamina- 
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TABLE 2.—Nucleodesaminase activity in nor- 
mal rat liver and in primary and trans- 
planted rat hepatomas * 


Ammonia nitrogen evolved 
from— 


Tissue 


Thymus 


Yeast nucleate nucleate 


Milligrams X 105| Milligrams X 10° 
Normal 20 4 
Primary 


5 
Transplanted hepatoma 31 


38 


1 Digestion mixtures composed of | cc. tissue extract (equiv- 
alent to 166 mg. tissue) plus 1 cc. aqueous solution of 5 mg. 
sodium nucleate. Period of incubation, 5 hours at 37° C. 


tion rate in the transplanted hepatoma 
is considerably higher than in normal 
liver or in the primary hepatoma, to- 
gether with the fact that the addition 
of nucleates results in an acceleration 
of the dye-decolorization rate in the 
transplanted hepatoma, in addition to 
the lee identity of the phenomena 
in normal liver and in the primary 
hepatoma, might lead to the suspicion 
that desamination of the nucleates and 
the effect of added nucleates on the 
dye-decolorization rate are somehow 
related. That such relation is to be 
conceived as resulting from immediate 
dehydrogenation of nucleates follow- 
ing desamination is, however, open to 
question, for addition of the bicarbon- 
ate ion which inhibits desamination of 
thymus nucleate (2) greatly increases 
the over-all dehydrogenase activity in 
dialyzed extracts of mouse liver (6). 
There is no better evidence on hand to 
connect these suggestive findings be- 
yond the crude analogy offered. 

The transplanted hepatomas investi- 
gated in the present connection were 
late-generation transplants, roughly 
about the hundredth. It would be of 
considerable interest and also of greater 
accuracy in comparison, if the primary 
hepatoma could be compared with a 
first-generation transplant and _ then 
with successive generation transplants 
of hepatoma. The possibilities of such 
an investigation are at present being 
explored. It cannot be assumed that 
the conclusions can be drawn that the 
differences between hepatoma 31 and 
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the primary tumors arose as a conse- 
quence of transplantation. No data 
are available on the primary hepatoma 
that gave rise to hepatoma 31. The 
possibility exists that this primary 
tumor may have had the same charac- 
teristics as the subsequent transplants. 

In respect to any question as to the 
histopathology of these tissues, it can be 
= out that even if the primary 
iepatomas varied greatly in their con- 


(1) GREENSTELN, J. P., and CHALKLEY, H. W.: 
Desaminases for ribosenucleic and 
desoxyribosenucleic acids. Arch. Bio- 
chem., 7: 451-455 (1945). 

(2) GRFENSTEIN, J. P., and CHALKLEY, H. W.: 
Desaminase for  ribosenucleic and 
desoxyribosenucleic acids. J. Nat. 
Cancer Inst., 6: 61-72 (1945). 

(3) GREENSTEIN, J. P., and CHALKLEY, H. W.: 
The influence of nucleic acid on de- 
hydrogenase systems—a contribution to 
the problem of gene mechanism. Ann. 
Missouri Bot. Gard., 32: 179-185 (1945). 

(4) GREENSTEIN, J. P., and CHALKLEY, H. W.: 
Effect of nucleates on the rate of methy- 
lene blue decolorization in tissue ex- 
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tent of neoplastic cells, the results 
would not indicate this because all sam- 
ples of the primary tumor studied gave 
results equal to the normal liver. How- 
ever, since all samples on which data are 
reported gave negative values for cys- 
tine desulfurase, an enzyme which is 
highly active in normal liver, it would 
appear that few if any normal liver 
cells could have been present in any of 
the tissues tested. 


tracts. 
(1945). 


(5) CHALKLEY, H. W., and GREENSTEIN, J. P.: 
Effect of nucleates on dehydrogenase 
systems. J. Nat. Cancer Inst., 6: 119- 
142 (1945). 


(6) GREENSTEIN, J. P., and CHALKLEY, H. W.: 
Effect of sodium bicarbonate, pyruvate, 
and diphosphopyridine nucleotide 
(DPN) on dehydrogenase activity. J. 
Nat. Cancer Inst., 6: 143-145 (1945). 
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Health Service 
INTRODUCTION 


There are several reports on the com- 
parison of the enzymatic activity of pri- 
mary hepatomas with that of normal 
liver (J-10). Likewise, there are sev- 
eral reports on the comparison of the 
enzymatic activity of transplanted 
hepatomas with that of normal liver 
(3, 8-17). There are, however, very 
few reports on a comparison of the 
enzymatic activity of primary hepa- 
tomas with that of transplanted hepa- 
tomas, or for that matter of any pri- 
mary tumor with that of successive 
transplants of the tumor. Schneider 
and Potter (3) observed that the cyto- 
chrome oxidase activity of primary and 
of transplanted rat hepatomas was very 
nearly the same. Robertson and Kahler 
(15) came to the same conclusion in the 
case of the riboflavin content of these 
two types of tissue. These are the only 
observations of their kind on this sub- 
ject. Because of the intrinsic impor- 
tance of such a comparison between pri- 
mary and transplanted tumors of the 
same kind, it was considered desirable 
to survey as many catalytic systems as 
were readily available for quantitative 
measurement in the primary and in the 
transplanted hepatoma of the rat. 

Hepatic tissue offers many advantages 
to the enzymologist for it contains a 
vast store of enzyme systems, many at 
high activity. Neoplasms of the he- 
patic cells of the rat are readily induced 
by the incorporation of p-dimethyl- 
aminoazobenzene in the diet, and the 
comparison of the enzymatic activity of 
these neoplasms with that of the tissue 
of origin offers a fertile field of in- 
vestigation. Under favorable condi- 
tions, the primary hepatoma so induced 
can be transplanted and will grow un- 
der the skin of new hosts in successive 
generation transplants (J8). Will the 
enzymatic pattern of the transplanted 


ENZYMATIC ACTIVITY IN PRIMARY AND TRANSPLANTED RAT 
HEPATOMAS 


By Jesse P. GREENSTEIN, principal biochemist, and FLORENCE M. LEUTHARDT, junior bio- 
chemist, National Cancer Institute, National Institute of Health, United States Public 


tumor be like that of the primary 
tumor, or will it be different? And 
how will the pattern of both tissues com- 
pare with that of normal liver, as well 
as with that of fetal liver, of regenerat- 
ing liver after partial hepatectomy, and 
of the livers of tumor-bearing animals? 

This paper is in part a survey of the 
present status of enzymatic activity in 
rat hepatic tissues, both normal and 
neoplastic. In nearly all cases, the 
activity or concentration of each cat- 
alytic system in the series of hepatic 
tissues mentioned is that determined by 
a single investigator or group of inves- 
tigators. This is necessary for valid 
comparisons, inasmuch as few authors 
perform enzymatic experiments which 
are directly comparable. Woodard 
(5) studied the alkaline phosphatase 
activity of the primary rat hepatoma 
and Greenstein (19) that of the trans- 
planted hepatoma; and although both 
authors came to substantially the same 
conclusions, their results cannot be 
readily quantitated because of the dif- 
ferent experimental conditions em- 
ployed. 

Nearly all the data hitherto reported 
by the senior author and colleagues 
have been on the transplanted rat hep- 
atoma 31, and to complete the picture, 
new experimental data on primary rat 
hepatomas, obtained in exactly the 
same manner, are reported. For the 
best sort of comparison, it would have 
been desirable to possess data on the 
normal liver, the primary hepatoma, 
and on the first, then the second, etc., 
transplant generations. Only data on 
relatively later generation transplants 
of the hepatoma are available (from 
the tenth to the hundredth approxi- 
mately). It must therefore be borne in 
mind that whatever changes may be 
noted in enzymatic activity between 
the primary tumor and the later gen- 
eration transplant may or may not 
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have occurred in the very early gener- 
ation transplant. Furthermore, no 
data are available on the primary hepa- 
toma which gave rise to the transplant- 
ed hepatoma now known as 31. The 
possibility must be envisaged that this 
primary tumor may have had the same 
characteristics as the subsequent trans- 
planted tumor. The comparisons 
drawn are hence only those on the basis 
stated. 

It should be noted that by both his- 
tologic and chemical criteria, all gen- 
erations of transplants of hepatoma 
31 show essentially the same pattern. 
Thus, nearly 5 years after the estab- 
lishment of this tumor, the most recent 
transplant generation still shows the 
phenomenally high alkaline phospha- 
tase activity of the very early trans- 
plants. 


EXPERIMENTAL PROCEDURE 


The primary rat hepatomas induced 
by ingestion of pdimethylaminoazo- 
benzene were furnished by Dr. F. R. 
White, of this Institute. The tumors 
were carefully dissected from  sur- 
rounding liver tissue and areas of ne- 
crosis subsequently removed. Extracts 
of the tumor were prepared and enzy- 
matic determinations performed on the 
following systems in the same manner 
as those in the transplanted hepatomas 
earlier reported : arginase (20), catalase 
(21), acid and alkaline phosphatase 
(19), nucleodesaminase (1/3), exocys- 
tine desulfurase (10), dehydropepti- 
dase (10), and esterase (22). The de- 
termination of each system was made 
on several samples of different primary 


Primary Alkaline 
hepatomas phosphatase 
(sample) activity? 
268 
271 
272 
240 


1In terms of ratio of percent hydrolysis of phe- 
nylphosphate to total N per cubic centimeter tissue 
extract after incubation for 1 hour at 38° C. and 
at pH 9.5 (19). Each sample of hepatoma described 


vielded zero activity for cystine desulfurase (24). 


tumors, with universally consistent re- 
sults. An example of the reproduci- 
bility of different tumors in activity of 
alkaline phosphatase and of cystine de- 
sulfurase is given in the following tab- 
ulation. The reproducibility of the 
enzymatic data in successive late gen- 
eration transplants of the tumor has 
been reported (22). 

Collected data on a variety of he- 
patic tissues are given in table 1. The 
results are obtained from the following 
sources: arginase (17,20), catalase (17, 
21, 23), the phosphatases (17, 19), 
urea synthesis (2, 25), nucleodes- 
aminases (73), cystine desulfurase (10, 
17), the dehydropeptidases (10), suc- 
cinic oxidase (3), cytochrome oxidase 
(3, 11), cytochrome e (3, 11), d-amino 
acid oxidase (11, 26), riboflavin (15), 
esterase (22), the amidase for benzoy]l- 
arginineamide (9), and the dehydro- 
genases responsible for the decoloriza- 
tion of methylene blue (8, 14). The data 
on the primary hepatomas for certain 
of these systems are obtained as de- 
scribed previously. Certain of the 
data in table 1, enclosed in parentheses, 
are those recalculated from other 
authors. 

It is evident that there are several 
categories of components of the normal 
rat liver. Some components may alter 
when the liver becomes neoplastic, and 
some may not alter. Of those which 
so alter, some may change further on 
transplantation, and some may not 
change at all; of those which do not 
alter in the neoplastic transformation, 
some may not alter either on subsequent 
transplantation of the tumor, but some 
may alter on transplantation. These 
categories of components are brought 
together for convenience in table 2. To 
this table have been added a few com- 
ponents not included in table 1 because 
data are lacking on either the primary 
or on the transplanted hepatoma. 
These components are transaminase 
(1), glyoxalase (7), histidase (6), ade- 
nosinetriphosphatase (4), amylase 
(21), ribonucleodepolymerase (27), and 
desoxyribonucleodepolymerase (23). 


Nol 
Res 
Pri 
Tra 
Fet 
Liv 
1 
to 
syn 
oxic 
We 
tot 
(20) 
3 
tro 
phe 
0.6 
‘ 
afte 
5 
mis 
pre 
5h 
tiss 
8 
Ary 
Ca 
All 
Un 
(E: 
De 
Su 
Cy 
Cy 
Ri 
Es 
Tr 
Gh 
Hi 
1 
2 


TABLE 1.—Enzymatic activity in 
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homologous rat hepatic tissues * 


Liver of tumor-bearing rat___- 
| 


= 
$s 
sis 
|. 4] 2 18 
6/8 
= 
sic 3 =) 
if 
< < - = 

——|— 
Normal 213/20] 25| 0.12| 20 
Regenerating | 2530/20/29) 3 -12 | 20 
Primary hepatoma. ____- 40 | .1 | 270 | (.01)| 22 
Transplanted hepatoma ___-- .0| 52 | 542) .00 | 58 
60; .2)| 48 27 -00 | 32 

2 | 


| | 


¥ = 
= 
| 5 3. 
a] | 

| | | 

4 | 20 | 20 |....| (392)|____| | 25 | 32 | 303 333 
5| 0 | 20| 10) 26) 134 4) 36 | 120 640 
38 0; 22 124 | 30 | .02 5 | 56 | 104 | 5 

| 8 5 | 20 | 5 (144)|- 04} 6 | 18 | 152 33 


' Data in parentheses are by other authors, recalculated 
to correspond to the remaining data in same column (urea 
synthesis from Dickens and Weil-Malherbe (2), cytochrome 
oxidase from Shack (//), and d-amino acid oxidase from 
Westphal (26)). 

2 In terms of ratio of percent splitting of arginine in 2 hours 
to the cube root of total nitrogen per cubic centimeter extract 
(20). 

3 In terms of cubic centimeters oxygen evolved per minute 
from mixture of 1 cc. 29 percent hydrogen peroxide, 5 ce. 
phosphate buffer at pH 6.9, and 1 cc. tissue extract containing 
0.6 mg. total nitrogen (2/). 

‘In terms of ratio of percent splitting of phenylphosphate 
after 1 hour to milligrams total nitrogen in extract pH 4.6 (19). 

5 Same as ‘ only at pH 9.6 (19). 

‘In terms of milligrams urea nitrogen synthesized from 
mixture of citrulline, and ammonia in rat serum solution in 
presence of tissue slices (25). 

7 In terms of milligrams ammonia nitrogen liberated after 
5 hours from 5 mg. sodium yeast nucleate in presence of 1 ce. 
tissue extract equivalent to 166 mg. tissue (13). 

§ Same as 7 only using thymus nucleate (13). 


TABLE 


2.—Cutegories of rat liver components based upon alterations in concentration or activ- 
ity in primary hepatomas and in hepatoma transplants 


*In terms of molsX10 ammonia nitrogen liberated from 
25X10-* mols cystine or cystine peptides in presence of 1 ec. 
— extract equivalent to 166 mg, tissue, 2 hours’ incubation 
(10). 
( od Same as * only using glycyldehydroalanine as substrate 
10). 
1! Same as * only using chloracetyldehydroalanine as sub- 
strate (10). 

12 In terms of cubic millimeters oxy gen consumed per milli- 
— tissue per hour in presence of succinate and cytochrome 

(3) 

13 Same as !2? except no succinate (3). 

4 As micrograms per 100 gm. tissue (3, //). 

Same as only using dl-alanine as substrate (11). 

‘6 In terms of percent hydrolysis of benzoylarginineamide 
(BAA amidase) (6.2 mg.) after 2 hours in presence of 1 cc. 
tissue extract equivalent to 166 mg. tissue (9). 

'7 In terms of cubic centimeters N/10 alcoholic potassium 
hydroxide neutralized by acid liberated through hydrolysis 
of methylbutyrate after 2 hours in presence of 1 ¢c. tissue 
extract equivalent to 166 mg. tissue (22). 

_ 18 In terms of rate of hydrolysis of 0.62 mM methylene blue 
in minutes ~' 104 in presence of tissue extract equivalent to 
166 mg. tissue (8). 


Category 1 


Category 2 Category 3 


Category 4 Category 5 Category 6 


Arginase.! Acid phosphatase? | Arginase.! 
Catalase.! Ribonucleodesami- | Catalase. 
Alkaline phos- nase. Alkaline phos- 
phatase.? Desoxyribonucleo- phatase .? 
Urea synthesis. ? desaminase. Urea synthesis. 
(Exo) cystine desul- | Dehydropeptidase I. | Dehydropepti- 
furase. Dehydrogenase sys- dase II. 


Dehydropeptidase II. 
Succinie oxidase. 
Cytochrome oxidase. 
Cytochrome c. 
Riboflavin.! 
Esterase.! 
Transaminase.? 
Glyoxylase.’ 
Histidase.$ | 


tems responsible 
for methylene blue 
decolorization. 
BAA Amidase. 
Adenosinetriphos- 
phatase. 


(Exo) cystine de- | Acid phosphatase? | Ribonucleodepoly- 


sulfurase.? Ribonucleodesami- merase .2 
Succinie oxidase. nase. Desoxyribonucleo- 
Cytochrome oxi- | Desoxyribonucleo- | depolymerase.? 

dase. | desaminase. Amy lase.? 
Cytochrome c. | Dehydrogenase sys- Creatine. 
Riboflavin.! tems responsible Creatinine. 
Esterase.! 


for methylene blue | Dehydropeptidase 
decolorization. 1. 
BAA amidase. | 


: ge lowered in livers of tumor-bearing rats. 
Not altered from normal in livers of tumor-bearing rats. 


678505—46—_3 


3 No data available on transplanted hepatomas. Data 
on transaminase (/), glyoxylase (7), histidase (6), and ade- 
nosinetriphosphatase (4) derived from the literature. 
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The categories of components have 
been divided as follows (table 2) : 

(1) Components which differ in pri- 
mary hepatoma from normal liver. 

(2) Components which do not differ 
in primary hepatoma from normal 
liver. 

(3) Components which differ in pri- 
mary hepatoma from normal liver and 
which change further on transplanta- 
tion. 

(4) Components which differ in pri- 
mary hepatoma from normal liver and 
which do not change further on trans- 
plantation. 

(5) Components which do not differ 
in primary hepatoma from normal liver 
but do change on transplantation. 

(6) Components which probably do 
not differ in primary hepatoma from 
normal liver, e. g., components which 
are at the same level in transplanted 
hepatoma as in normal liver. Dehy- 
dropeptidase I is the only component in 
this category the activity of which in 
the primary hepatoma is known. This 
category is necessarily speculative, with 
the exception noted, since it is assumed 
that if a component in the oe 
hepatoma is at the same level as in 
normal liver, its level in the primar 
hepatoma will also be at the same level, 
i. e., the primary hepatoma does not of- 
fer a point of discontinuity. This as- 
sumption may indeed be warranted 
since the data in table 1 fail to reveal 
any such discontinuity. 


DISCUSSION 


Six different kinds of rat hepatic tis- 
sue are described in table 1, namely, 
normal liver, regenerating liver after 
partial hepatectomy, the primary hepa- 
toma, the transplanted hepatoma, fetal 
liver, and the liver of the tumor-bearing 
animal. 

The enzymatic activity of regenerat- 
ing liver is of the same order of magni- 
tude as that of normal adult liver (table 
1 and (28)) and need not be further 
considered here except to note that 
growth is not necessarily incompatible 
with function. 

When the normal liver becomes neo- 
plastic (primary hepatoma), many of 
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the specific functions alter in magni- 
tude Dut several also remain unaltered 
(categories 1 and 2, respectively, table 
2). Examination of these categories of 
catalytic components reveals that those 
systems that utilize oxygen are included 
among the components that alter in 
magnitude as a result (or cause) of the 
neoplastic transformation. These sys- 
tems are catalase, succinic oxidase, cyto- 
chrome oxidase, cytochrome ec, and per- 
haps riboflavin, which, since it includes 
the adenine flavin nucleotides, might be 
classed among such systems. Beyond 
this group of components, it would be 
difficult on comparing categories 1 and 
2 in table 2 to select any one particular 
group on the basis of the alteration or 
nonalteration in the course of the neo- 
plastic transformation. There are hy- 
drolytic enzymes in both categories, and 
rather strikingly there appears to be a 
— between the two categories 
of enzymes which act upon closely re- 
lated substrates or upon the same sub- 
strate under different conditions. Thus, 
alkaline and acid phos- 
phatase, which act upon phenylphos- 
phate at different pH levels, are in dif- 
ferent categories, and dehydropeptidase 
II, which acts on chloracetyldehydro- 
alanine, is in category 1 while dehydro- 
peptidase I, which acts on glycyldehy- 
droalanine, is in category 2. 

When the primary hepatoma is trans- 
planted under the skin of new hosts, cer- 
tain of the components in category 
1 change still further, whereas others 
remain the same. Among the latter are 
the oxidative components, and it would 
appear as if the enzymes in this group 
(category 4, table 2) change in magni- 
tude of activity to the maximum extent 
as a result of the neoplastic transfor- 
mation which is not further altered as 
a result of subsequent transplantation. 
The enzymes which change further as a 
result of transplantation are those in 
category 3. 

Most curious are the components in 
category 5 which do not alter from 
normal as a result of the neoplastic 
transformation but do alter consider- 
ably in magnitude as a result of trans- 
plantation. Some of these, like acid 
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phosphatase, the nucleodesaminases, 
and the amidase for benzoylarginine- 
amide, rise in activity as a result of 
transplantation, whereas the over-all 
activity of the dehydrogenase system 
responsible for methylene blue decolor- 
ization takes a sharp drop. Effects 
may therefore be produced in opposite 
directions. 

The components in category 6 are 
those the activity of which is the same 
in the transplanted hepatomas as in 
normal liver and thus possibly the same 
as in the primary hepatoma. 

When the primary hepatoma is trans- 
planted, the blood supply of the tumor 
changes from a venous to an arterial 
source. Presumably a selection of 
neoplastic cells also occurs with a 
concentration of certain elements. 
Whether these phenomena or perhaps 
some development of autonomous char- 
acteristics are in part responsible for 
the alterations in magnitude of certain 
catalytic components when the hepa- 
toma is transplanted remains for fur- 
ther investigation to answer. It seems 
certain in any case that the primary 
hepatoma, transplanted to an alien site, 
must make certain physiologic readjust- 
ments. The nature of these readjust- 
ments is not known. 

The order of magnitude of the cata- 
lytic components in the transplanted 
hepatoma resembles that of the fetal 
liver more closely than any of the other 
hepatic tissues studied (table 1 and 
(28)). It would appear therefore that 
there is a continuous sequence of meta- 
bolic alterations in increasing order, 
starting from normal liver, through the 
primary tumor, to the transplanted 
hepatoma the alterations of which re- 
semble those of fetal liver. 

Lastly, consideration of the livers of 
tumor-bearing rats reveals certain 
changes in the catalytic components of 
this tissue which are in the direction 
that the liver would take if it became 
The arginase, catalase, 
amino acid oxidase, riboflavin, and es- 
terase diminish in the livers of rats 
bearing various kinds of tumors in 
sites distant from that of the liver. 
The tumor borne by these animals need 


not be a hepatoma in order to elicit 
this effect. It would be expected that 
these systems which alter from normal 
in the livers of tumor-bearing rats 
would be found only among the com- 
ponents of category 1 in table 2 and 
not in category 2, and this is indeed the 
case. It is clear that the systems de- 
scribed must be unusually sensitive to 
the presence of a tumor somewhere in 
the host. The fact that they alter in 
a direction which would be taken if 
the liver became neoplastic suggests 
that the presence of a distant tumor 
may be reflected in a greater or less 
degree of cancerousness in susceptible 
tissues elsewhere. 


SUMMARY 


The activity of several enzymes and 
other a in the primary rat 
hepatoma has been determined and has 
been compared with that of the trans- 
planted hepatoma 31, with normal and 
regenerating liver, with fetal liver, 
and with the liver of tumor-bearing 
rats. 

When normal liver becomes neoplas- 
tic, certain components alter in magni- 
tude while others remain unaffected. 
The former category of components in- 
cludes arginase, catalase, alkaline phos- 
phatase, cystine desulferase, dehydro- 
peptidase IT, succinic oxidase, cyto- 
chrome oxidase, cytochrome c¢, ribo- 
flavin, esterase, transaminase, glyoxy- 
lase, histidase, and the systems con- 
cerned with urea synthesis. The latter 
category of components includes acid 
phosphatase, the nucleodesaminases, 
dehydropeptidase I, adenosinetriphos- 
phatase, over-all dehydrogenase sys- 
tems, and probably the nucleodepoly- 
merases, amylase, creatine, and cre- 
atinine. 

On transplantation of the primary 
hepatoma, arginase, catalase, alkaline 
phosphatase, dehydropeptidase II, and 
the urea-synthesizing mechanisms alter 
further; cystine desulfurase, succinic 
oxidase, cytochrome oxidase, cyto- 
chrome ¢, riboflavin, and esterase do not 
alter further; while those systems which 
do not alter as a result of the neoplastic 
transformation, with the exception of 
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dehydropeptidase I, may alter consider- 
ably 
The nucleodepolymerases, amylase, de- 
hydropeptidase I, creatine, and creati- 
nine most likely do not alter on trans- 
plantation of the hepatoma. 

The resemblance of fetal liver in level 


subsequent to transplantation. 
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tendency of certain of the components 
of the livers of tumor-bearing animals 
to alter in the direction which normal 
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tion is discussed. 
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INTRODUCTION 


It was noted by Greenstein and 
Chalkley! that whereas aqueous ex- 
tracts of various tissues immersed in 
boiling water produced almost immedi- 
ately a coagulum of protein, such ex- 
tracts previously treated with sodium 
thymus nucleate did not yield a co- 
agulum even after many hours of heat- 
ing at 100° C. It appeared that the 
nucleate exerted a protective action on 
the proteins of the extract and in- 
creased their thermal stability. It was 
considered desirable to investigate the 
effect in more detail. Further experi- 
ments are described in the present 
paper. 


EXPERIMENTAL PROCEDURE 


Before investigating the thermal be- 
havior of the proteins in tissue extracts, 
it was considered necessary to study 
the thermal stability of a purified pro- 
tein. Egg albumin was prepared for 
this purpose, crystallized three times, 
and a salt-free, dialyzed solution of this 
protein brought to pH 6.9 with sodium 
hydroxide. The final concentration of 
the egg-albumin solution was 6.6 per- 
cent. One cubic centimeter of the solu- 
tion was treated with an equal volume 
of either distilled water or dialyzed 
aqueous solution of sodium thymus nu- 
cleate. No change in pH occurred on 
mixing; the nucleate solutions were also 
at pH 6.9. The mixtures were placed 
in small test tubes of 10-ce. capacity and 
were water-clear. The test tubes were 
placed in a beaker containing boiling 
water (about 98° C.), and the time was 
noted when a turbidity appeared in the 
solution. The data are given in the fol- 
lowing tabulation : 


1GREENSTEIN, J. P., and CHALKLEY, H. W.: Des- 
aminases for ribosenucleic and desoxyribosenucleic 
acids. J. Nat. Cancer Inst., 6: 61-72 (1945). 


PROTECTIVE EFFECT OF THYMUS NUCLEATE ON THE HEAT 
COAGULATION OF PROTEINS 


By Cuarves E. Carter, assistant surgeon, and Jesse P. GREENSTEIN, principal biochemist, 
National Cancer Institute, National Institute of Health, United States Public Health 


Period required 
jor coagulaten? 


Nucleate (milligrams) : (minutes) 


2 


2 Concentration of protein was 6.6 percent. Mix- 
tures consisted of 1 cc. of protein solution and 1 ce. 
of either distilled water or nucleate solution. 

The data in the tabulation reveal 
(1) that aqueous solutions of the pro- 
tein became turbid within a few sec- 
onds after being immersed in boiling 
water, (2) that addition of as little as 
0.15 mg. of thymus nucleate is sufficient 
to prevent heat coagulation of the al- 
bumin for at least 2 hours, and (3) that 
at concentrations of 0.08 mg. of nucleate 
or less, no protection against coagula- 
tion under the present conditions was 
achieved. Although the experiments 
involving concentrations above 0.15 mg. 
were broken off after 2 hours of heat- 
ing, 2 few preliminary experiments re- 
vealed that mixtures of egg albumin 
with nucleate at these concentrations 
were water-clear after 6 hours of heat- 
ing in the boiling water bath. For this 
purpose a reflux condenser was pro- 
vided for each tube in order to main- 
tain the original volume. 

It is interesting to note that there is 
a sharp break in the concentration 
range of nucleate effective in con- 
ferring protection against heat co- 
agulation. At this point, somewhere 
between 0.15 and 0.08 mg. of sodium 
thymus nucleate, calculation reveals 
that roughly 1 mg. of the nucleate will 
prevent the heat coagulation of about 
600 mg. of egg albumin. It is prob- 
able that below this critical concentra- 
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tion of nucleate, some proportion of 
the protein molecules is not coagulated 
by heat, because the turbidity of the 
solutions containing these lower con- 
centrations of nucleate is not quite 
so great as in the absence of this 
substance. 

That there is some stoichiometric re- 
lation between the concentration of pro- 
tein and of nucleate was sonnel by 
repeating the experiments mentioned in 
the tabulation with an albumin solution 
half as concentrated. With this diluted 
solution of protein, 0.08 mg. of nucleate 
was effective in inhibiting heat coagula- 
tion whereas 0.04 mg. of nucleate was 
ineffective. 

Different preparations of sodium thy- 
mus nucleate were used, each with vary- 
ing degrees of polymerization. The re- 
sults were identical throughout. In 
order to prove finally that the degree of 

olymerization of the nucleate was un- 
important in the effect noted, a solution 
of one preparation of the nucleate was 
divided into two aliquots. One aliquot 
was irradiated at 2537A for several 
hours until the viscosity greatly dimin- 
ished. Both aliquots were then used as 
in the foregoing tabulation with identi- 
cal results. 

The experiments were performed in 
the absence of added salt. Data involv- 
ing the use of added salt prior to heating 
are given in table 1. 

The data in table 1 reveal that the 
protective action of thymus nucleate is 
still obtained under the present condi- 
tions when 2 mg. or less of sodium 
chloride is present. Above this concen- 
tration of salt, heat coagulation of the 
protein occurs whether 0.15 or 10 mg. 
of nucleate is present. The critical con- 
centration of sodium chloride, about 
3-4 x 10° mols, is thus apparently inde- 
pendent of the nucleate concentration. 
Addition of salt after heating and sub- 
sequent cooling yields no coagulation. 
veating of this mixture results in a 
gel. 

Very few sulfhydryl groups are lib- 
erated in the protein on heating under 
these conditions, whether nucleate is 
present or not. Indeed, the amount that 


TaBLe 1.—Thermal stability at 98° C. of egg 
albumin in the presence of thymus nucleate 
and sodium chloride * 


Period 
Nucleate (in milligrams) Sodium chloride = — 
} agulation 


Milligrams 
r 


Minutes 
0.2 


! Concentration of protein, 6.6 percent. Mixtures consisted 
of 1 ce. protein solution plus 1 cc. of either distilled water or 
thymus nucleate plus 1 cc. either distilled water or sodium 
thloride. 

2 Heavy coagulum 


appears, although giving a faint nitro- 
prusside test, is too small for accurate 
quantitative measurement. 

Sodium yeast nucleate or agar em- 
ployed under the conditions described is 
ineffective in preventing the heat coag- 
ulation of egg albumin. 

Determinations of the pH of heated 
mixtures of albumin and thymus nu- 
cleate showed no difference from that of 
similar mixtures prior to heating. 

The results of the foregoing experi- 
ments with purified egg albumin can in 
general be applied to aqueous extracts 
of rat liver. However, the complexity 
of the system and uncontrolled vari- 
_ prevent exact quantitating of the 

ata. 

At the beginning of the investiga- 
tion of heat coagulability of aqueous 
extracts of liver, it was found that 
aqueous extracts of liver excised from 
a freshly killed animal, ground with 


sand, and extracted with water (12 vol-- 


umes) could be heated at 98° C. for 
a period of over 2 hours without show- 
ing evidence of coagulation or floccu- 
lation. It would appear that there is 
some natural or inherent property of 
the freshly prepared extract which con- 
fers a protection of the extract proteins 
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against heat coagulation. No measur- 
able change in pH occurs in extracts 
allowed to stand for the periods of in- 
cubation reported. That this natural 
protection against heat coagulation 
progressively disappears on standing at 
room temperature is shown in table 2. 


TABLE 2.—Decay of natural protection of aque- 
ous liver extracts against heat coagulation * 


Period for coagula- 
Cc. 


tion at 98° 
Incubation of mixture before heating o~ incubation 
(in minutes) 
25° ¢ 37° ¢ 


aaa 20 10 
25 6 
8 1 
3 -5 


! Mixtures consisted of 1 ce. rat-liver extract (equivalent 
to 166 mg. tissue) plus 1 ec. of 0.5-percent sodium thymus 
nucleate, 


Incubation of the extract at 37° causes 
a more rapid disappearance of natural 
protection against heat coagulation. 
In different experiments, the absolute 
times for coagulation were observed to 
vary considerably, depending mainly 
upon the period between death of the 
animal and start of the experiment, 
and the period in which the aqueous 
extract was in contact with the ground 
liver. However, the order of the re- 
sults was entirely consistent within va- 
rious experiments. Similar results 
were obtained with aqueous extracts of 
spleen. Muscle extracts have no nat- 
ural protection against heat coagula- 
tion but are heat-stable if thymus nu- 
cleate is added. 

When the natural protection against 
heat coagulation of the liver extract had 
disappeared on standing at room tem- 
perature or on incubation at 37° C., i. e., 
immediate coagulation on heating, the 
addition of 5 mg. of thymus nucleate to 
the mixture conferred protection 
against heat coagulation at 98° for 
periods of more than 4 hours. As in 
the experiments on natural protection, 
it was found that incubation of thymus 


nucleate with liver extract caused a dis- 
appearance of the protection against 
heat coagulation given by the thymus 
nucleate (tabulation immediately fol- 
lowing this paragraph). The sharp 
drop in time from the 3-hour incubation 
period to the 4-hour incubation period 
suggested that a critical concentration 
of thymus nucleate in the mixture was 
necessary to afford protection against 
coagulation on prolonged heating and 
that below this concentration little or 
no protection was conferred. The sec- 
ond tabulation following gives the re- 
sults of an experiment with varying 
amounts of thymus nucleate in the test 
system. The liver extract used had a 
coagulation time of less than 1 minute. 
Several experiments showed that at con- 
centrations below 0.6 mg. of thymus 
nucleate little or no protection against 
heat coagulation was observed. 

Period for 
coagulation 


at 98° C. 
(minutes) 


Incubation of mixture’ at 
37° C. (minutes) : 


1 Mixtures consisted of 1 ce. rat-liver extract 
(equivalent to 166 mg. tissue) plus 1 ce. of 0.5- 
percent sodium thymus nucleate. No change in pH 
during incubation. 
Added thymus Period for coagulation 

at 98° C. (minutes) 


wae 


The mixtures consisted of 1 cc. of rat- 
liver extract (equivalent to 166 mg. 
tissue), in which the natural protection 
against heat coagulation had been de- 
stroyed by incubation at room tempera- 
ture, and 1 cc. of aqueous thymus nu- 
cleate solutions. 

The disappearance of protection 
against heat coagulation given by thy- 
mus nucleate on incubation of nucleate 
with liver suggests enzymatic degrada- 
tion of this material. Purified desoxy- 
ribonuclease possessing no proteolytic 
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activity, which was prepared by Dr. 
McCarty, of the Rockefeller Institute, 
was employed in a series of experi- 
ments designed to assess the role of nu- 
clease activity in the disappearance of 
protection against heat coagulation. 
The enzyme requires 0.003 M mag- 
nesium** for activation. It was found 
that this and other metallic ions pres- 
ent at very low concentrations caused 
almost immediate coagulation on heat- 
ing in spite of the presence of sufficient 
thymus nucleate. This precluded any 
experiment in which thymus nucleate 
would be incubated with desoxyribonu- 
clease prior to addition to liver extract 
and heating. The problem was then 
approached by first heating the liver 
extract in the presence of thymus nu- 
cleate for 30 minutes at 98° C. At the 
end of this period, there was no evi- 
dence of coagulation. The mixture was 
then cooled, and desoxyribonuclease 
and sufficient magnesium** ion were 
added. Subsequent incubation at 37° 
produced flocculation and precipitation 
of the extract mixture in 15-30 min- 
utes. A typical experiment is shown 
in the next tabulation. The addition of 
magnesium** or desoxyribonuclease 
alone did not produce flocculation and 
precipitation. The addition of ribonu- 
clease (Kunitz preparation) also failed 
to produce such effects. Comparable 
experiments on destruction of natural 
protection by desoxyribonuclease could 
not be performed because the presence 
of magnesium*t alone produced rapid 
coagulation on incubation at 37°. 


Substance added to mixture:? 


Period for coagulation 
at 37° C. (minutes) 


Desoxyribonuclease and 0.003 M 
magnesium ** 

Desoxyribonuclease 

Magnesium ** (0.003 M) 


11 cc. of desoxyribonuclease containing 0.1 mg. 
purified enzyme protein added to mixture. Mag- 
nesium sulfate added as 0.05 ce. of 0.15 M solution. 
The mixture consisted of 1 cc, rat-liver extract 
(equivalent to 166 mg. tissue), and 1 cc. of 0.5- 
———- sodium thymus nucleate. The mixture was 
eated for 30 minutes at 98° C., with no appearance 
of coagulum, and then cooled. 


Samples of irradiated thymus nu- 


cleate, in which the viscosity of the 
solution had dropped to half that of 
the untreated sample, protected aqueous 


extracts of liver from heat coagulation 
as well as did nucleate solutions of high 
viscosity. Yeast nucleic acid afforded 
no protection against heat coagulation 
of liver extracts at concentrations six 
times greater than those employed for 
protection with thymus nucleate. 

Examination of tissue extracts which 
had been heated at 98° C. in the pres- 
ence of thymus nucleate failed to re- 
veal any survival of enzymatic activity 
in respect to nucleodesaminase, dehy- 
dropeptidase, catalase, and benzoyl- 
arginineamidase. 


DISCUSSION 


The only comparable studies on the 
thermal stability of proteins are those 
of Ballou and his co-workers,” which 
are concerned with the effect of sodium 
salts of fatty acids on the heat coagula- 
tion of human serum albumin. These 
studies indicated that of a homologous 
series of fatty acid salts sodium capryl- 
ate was the most effective in retarding 
the heat coagulation of this protein. 

The effect of caprylate on serum 
albumin is, however, of an entirely dif- 
ferent order of magnitude from the 
effect produced by thymus nucleate on 
egg albumin and on tissue extracts, for 
the former substance confers only a 
relatively brief protection against co- 
agulation whereas the nucleate at a far 
smaller concentration affords a protec- 
tion against coagulation for an indefi- 
nitely long period. One milligram of 
thymus nucleate can apparently protect 
about 600 mg. of egg albumin against 
coagulation at 98° C.; on the basis of 
40,000 for the molecular weight of egg 
albumin and of 1,500 for the molecular 
weight of the tetranucleotide unit, 1 
mol of nucleate exerts a protective 
effect on the heat coagulation of about 
25 mols of protein. Sodium chloride 
above a ceriain critical concentration 
when added prior to the heating of a 
mixture of protein and nucleate results 
in coagulation. Addition of salt after 
heating and cooling yields no coagula- 
tion. 


? BALLou, G. A., Borer, P. D., Luck, J. M., and 
LuM, F. G. The heat coagulation of human albumin. 
J. Biol. Chem., 153 :589-596 (1944). 
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A similar phenomenon is observed in 
aqueous extracts of tissues and suggests 
that the nature of protection against 
heat coagulation given these solutions 
by thymus nucleate is the same as in 
the system with purified albumin. The 
ability of fresh aqueous extract of liver 
and spleen to withstand prolonged 
heating at 98° C. without coagulation 
indicates the presence of a material 
with the properties of thymus nucleate, 
and the disappearance of natural pro- 
tection against heat coagulation upon 
incubation of the tissue extract suggests 
the enzymatic degradation of such ma- 
terial. It has been shown that desoxy- 
ribonuclease can cause coagulation of a 
system which has withstood prolonged 
heating by virtue of added thymus 
nucleate. However, it should be borne 
in mind that this may not be due to 
nuclease activity per se but to some 
nonspecific effect induced by the mag- 
nesium-nuclease complex. Further 
investigation of the physicochemical 
factors involved in the interaction of 
thymus nucleate and protein are re- 
quired before these phenomena can be 
interpreted. Such studies are con- 
templated. 

The loss in enzymatic activity of the 
heated tissue extracts in the presence of 
nucleate, which is accomplished with- 
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out loss of solubility of the tissue pro- 
teins or change in sulfhydryl groups, 
indicates how complex the phenomena 
of protein denaturation may be, and 
how deceptive a single criterion of de- 
naturation actually 1s. 


SUMMARY 


Solutions of egg albumin, which 
nearly instantaneously became turbid 
when brought to 98° C., remain water- 
clear for hours at this temperature in 
the presence of sodium thymus nucleate. 
Roughly, the proportion of nucleate to 
protein which just protects against heat 
coagulation is about 1 mg. nucleate to 
600 mg. albumin. The effect of added 
sodium chloride prior to heating is in- 
dependent of the proportion of nucleate 
present and above a certain minimum 
value results in coagulation. Addition 
of salt after heating and cooling yields 
no coagulation. 

Freshly prepared extracts of rat liver 
are not heat-coagulable but become so 
on standing. Addition of thymus nu- 
cleate to the aged extracts results in in- 
hibition of heat coagulation of the 
proteins. This protection can be di- 
minished either by incubation before 
heating or by addition of desoxyribo- 
nuclease and magnesium salt. 
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QUANTITATIVE STUDIES ON THE LATENT PERIOD OF TUMORS 


INDUCED WITH SUBCUTANEOUS INJECTIONS OF THE 
AGENT OF CHICKEN TUMORI. I. CURVE RELATING DOS- 


INTRODUCTION 


The curve relating dosage of a biolog- 
ically active agent and the response 
which it evokes is useful in quantitative 
investigations of two general types: (1) 
Study of the response per se (e. g., com- 
parison of the degree of response to a 
common, or standard, preparation of 
agent of groups of test animals that are 
kept on different experimental regi- 
mens); and (2) measurement of the 
amount of active agent present under 
different conditions or in different 
source materials (bioassay). When the 
biological response is a linear function 
of the logarithm of dose, not only are 
statistical analyses and interpretations 
of the data greatly simplified? but ex- 
periments can be designed so as to in- 
crease the precision of the results (2, 
4-7). 

The present studies were undertaken 
in search of a criterion of activity of 
the agent of chicken tumor I (8) which 
would be linear with the logarithm of 
dose over a wide range. The latent 
period, or induction time, was chosen 
for the first investigations since previ- 
ous studies (9-11) had established its 
usefulness in quantitative work with 
other virus-type agents. The subcu- 
taneous route of administration was 
used because the rapidity of technical 
operations allowed treatment of much 
larger numbers of chickens than the 
more tedious intracutaneous inoculation 
procedure, and because the latent period 
of tumors induced with subcutaneous in- 
jections of another chicken tumor agent 
(12) had been shown to be highly cor- 
related with the dose of agent (13). 
The reciprocal of the latent period was 
found to be linearly related to the log- 
arithm of dose of the agent of chicken 
tumor I over a wide dosage range. The 
procedures and results are described in 
the present paper. 


AGE OF AGENT AND CHICKEN RESPONSE 


By W. Ray Bryan, senior biologist, National Cancer Institute, National Institute of Health, 
United States Public Health Service} 


Advantage was taken of the recent 
work of Gottschalk (73) in selecting the 
test animals and in planning the labo- 
ratory procedures. The conversion of 
latent-period data into units suitable 
for simple analysis, statistical and 
mathematical, was accomplished by use 
of the method of transformation de- 
scribed by Gard (77). The design used 
in most of the experiments was selected 
as a means of covering the widest dos- 
age range possible in a given experi- 
ment; it does not necessarily represent 
the most efficient design for routine bio- 
assays. It is probable that greater ac- 
curacy can be obtained in bioassays in- 
volving a given number of chickens if 
a balanced experimental design, based 
upon the principles laid down by Fisher 
and his co-workers (see references (2, 
4-7)), can be employed.*? When, how- 
ever, the purpose of the experiment is 
to compare the responses of different 
groups of chickens which are kept un- 
der different experimental conditions, 
the design of the experiments employed 
herein should give as high precision as 
is obtainable with this type of response. 


MATERIALS AND METHODS 
PREPARATION OF THE AGENT 


Suspensions of partially purified 
chicken tumor I agent were prepared 
from fresh tumor tissue by extraction 
and differential centrifugation in es- 


1The author is indebted to Dr. C. I. Bliss, of 
the Connecticut Agricultural Experiment Station, 
for valuable advice concerning the treatment of data 
presented herein. 

2 The advantages of expressing dose on a logarith- 
mic rather than on an arithmetic scale have been 
emphasized by Gaddum (1), Bliss and Cattell (2), 
Irwin (3), and others. When the logarithm is used, 
the slope of the response curve does not change 
with changes in potency as it dees with arithmetic 
dose, but curves representing similar materials of 
different potencies have a similar slope. 

* Further studies along this line are now in prog- 
ress. The dosage span that can be included in a 
single experiment in which all doses are admin- 
istered to each chicken is relatively narrow; if the 
span is too great, death results from tumors induced 
by the high doses before the lower ones have had 
time to produce their effects. 
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sentially the same manner as that de- 
scribed by Claude (14). The sedi- 
mented agent * was resuspended in phos- 
phate buffer (pH, 7.02; 0.005M) or in 
a mixture of buffer and normal rabbit 
serum (2 to 10 percent by volume). 
The final pellet from one or two frac- 
tionation cycles was routinely taken up 
in 5 ce. of buffer or buffer-serum mix- 
ture. The amount of tumor agent per 
cubic centimeter of pellet suspension 
was that obtained from 0.5 to 1.9 gm. 
of tumor tissue. Relative concentra- 
tions of the agent are expressed in terms 
of grams per inoculum, of fresh tumor 
tissue originally extracted. The actual 
quantities of agent, therefore, represent 
some function of the tumor-tissue con- 
centrations given here. 


TEST CHICKENS 


The chickens used as test animals 
were 2 to 8 weeks old at the time of inoc- 
ulation. The age span within a single 
experiment was not more than 2 weeks. 
The chickens were chiefly of three 
breeds: New Hampshire Red, White 
Plymouth Rock, and Barred Plymouth 
Rock. Eggs for setting or newly 
hatched chicks were obtained from local 
dealers, and the chickens were raised in 
this laboratory. With one exception, 
the chickens used in a single experiment 
were all of one lot and the same breed. 
In the une exception (experiment 2), 
the eggs were a heterogeneous lot ob- 
tained from a local buyer and repre- 
sented several breeds and mixtures. 


INOCULATION OF CHICKENS 


The agent suspensions were set up in 
serial fourfold or tenfold dilutions and 
injected subcutaneously into test chick- 
ens. The diluent was buffer or buffer- 
serum mixture, prepared as described 
in a preceding section. The volume of 
each inoculum was 0.2 cc. Each 
chicken received inoculums of a par- 
ticular material at one or more of the 
following six sites: the ventral sur- 
faces of both forewings, the midpoints 
of both breast regions, and the lateral 


*Sedimented by centrifugation at 18,000 ¢ for 
2 hours in a multispeed attachment of an Inter- 
national centrifuge (No. 2) or at 30,000 g for 30 
to 40 minutes in an air-driven ultracentrifuge. 
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surfaces of both thighs. To avoid 
leakage, a 20-gage needle, 114 inches 
long, was inserted into muscle tissue 
directly after passage through the skin 
at some distance from the point of in- 
tended delivery, and the point of the 
needle was then brought back into the 
subcutaneous tissues for delivery of the 
inoculum. 

Each chicken received one or more 
inoculums of a given dilution of a con- 
trol tumor-agent material, and one or 
more inoculums of a test material or 
materials, which had been treated in 
some manner or prepared in a differ- 
ent way. In the present study of 
dose-response relationships, the results 
obtained with test materials were 
disregarded, and only those obtained 
with the control materials prepared 
under constant conditions as previously 
described, were employed. 

In some of the experiments, eight 
sites in each chicken were inoculated, 
both the upper and lower wing sections 
being used; but the spreading of 
tumors from one to another of the 
closely adjacent areas prevented ac- 
curate interpretation of the results. 
The practice was therefore discon- 
tinued, except with high dilutions of 
the agent since in this instance the 
tumors produced were expected to be 
small and slow-growing. 

Experiments 1 and 2 differed from 
the others in that within the experi- 
mental subgroups some chickens re- 
ceived, not a single concentration of 
tumor agent, but three different concen- 
trations at three different sites. Some 
chickens, therefore, contributed to three 
different dose groups. The doses were 
arranged in progressively overlapping 
serial dilutions in order that different 
concentrations of agent could be com- 
pared in the same chickens. All other 
experiments followed the simpler pro- 
cedure of Gottschalk (13), each chicken 
receiving only inoculums of one con- 
centration of a given material. 


EXAMINATION OF CHICKENS 


All sites on all chickens were ex- 
amined daily, beginning on the fourth 
or fifth day following inoculation and 
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continuing until the thirtieth to thirty- 
fifth day. The desired response was 
the interval between inoculation and 
the appearance of a tumor, i. e., the 
latent period, or tumor-induction time. 

A nodule or an area of swelling de- 
tectable either visually or by palpation 
was entered in the records on the day 
on which it was first observed. Its 
subsequent course was followed daily, 
and its progressive growth and exten- 
sion were indicated by the arbitrary 
grading symbols +, ++, +++, 
++++. A lesion judged to be a tu- 
mor by its subsequent behavior was 
considered to have appeared on the first 
day on which the observer considered 
it to be a definite tumor with grade of 
+ or greater. Symbols indicating a 
questionable lesion (?) or indecisive- 
ness on the part of the observer (+) 
were disregarded. 


RESULTS 


CHARACTERISTICS OF THE DOSE-RESPONSE 
CURVE 


The following description of the 
dose-response relationships of the agent 
of chicken tumor I is based upon data 
obtained from 13 experiments in which 
the tumor-agent preparations were 
comparable in respect to concentration 
and method of preparation. The data 
were first analyzed to determine the 
relation between latent period per se 
and the logarithm of dose, as in pre- 
vious studies with virus (9) and chemi- 
cal carcinogenic agents (15-17). In 
most of the experiments, the relation- 
ship was curvilinear instead of linear 
over a wide range as in the previous 
instances, 

Transformation of the latent period 
to some other function was, therefore, 
a necessary preliminary to a simple 
statistical analysis of the latent-period 
data. A transformation which gave a 
linear relationship with the log dose 
over a wide range was that described 
by Gard (11) in his studies on mouse 
encephalomyelitis. Each observed lat- 
ent period was transformed to its re- 
ciprocal, and the reciprocals were aver- 


® See footnote 2. 


aged in each group. Following Gard, 
the inoculation sites at which tumors 
failed to develop were assumed to rep- 
resent infinitely long latent periods and 
scored as zero. 

In order to avoid small decimal num- 
bers, the reciprocals were multiplied by 
100. Expressed mathematically, the 
individual and group responses were 
determined as follows: 


=— 100_ r 1 
Y~T.P.? Latent period (1) 
and 


(2) 
where y and Y:----yv are the re- 
sponses of individual inoculation sites, 
7 is the average response of a group of 
sites in the same chicken, Z. P. is an in- 
dividual latent-period determination in 
days, and WN is the number of deter- 
minations. 

The relationship between mean re- 
sponse and the logarithm of dose was 
investigated in 13 separate experiments. 
with the results shown in figures 1-13. 
To reduce the grouping error, the mean 
response was used only for those dose 
groups in which tumors occurred in 
more than 50 percent of the chickens 
and inoculation sites. The several 
site responses on each chicken were 
averaged to derive the chicken response, 
and the chicken responses were then 
averaged to obtain the dose-group 
mean, each with one degree of freedom. 
The procedure is illustrated in table 1. 
The straight line relating the mean re- 
sponses in each experiment to the log 
dose was computed by the method of 
least squares. The results of a typical 
experiment are shown in table 2, and 
a summary of all experiments is given 
in table 3. 

As already pointed out, experiments 
1 and 2 differed from the others in de- 
sign; they therefore could not be in- 
cluded with the others in an over-all sta- 
tistical analysis of the data. The results 
of an analysis of variance of the data 
of experiments 3 through 13 are sum- 
marized in table 4 (all data). The 
analysis indicated a significant variation 
among experiments with respect to both 
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position and slope of the regression 
line; also the group means varied about 
the regression lines to a significant 
degree. 

The responses of 1 dose group in each 
of 2 experiments was found to be dis- 
cordant with the remaining data and 
responsible for the excessive variation 
both in slope and in group means about 
the regression lines. The discordant 
groups are identified by different sym- 
bols in figures 10 and 12. When they 
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were omitted and the regression lines 
recalculated for these 2 experiments, 
the variation among the slopes of the 
11 experiments was no greater than 
that expected by chance alone; further- 
more, the group means varied about 
their respective regression lines within 
limits of chance variation. (See table 
4, restricted data.) These results indi- 
cate that with the exception of occa- 
sional chicken groups (2 in 68) the re- 
lationship between the mean reciprocal 


TABLE 1.—Biological responses in one of the more variable dosage groups (data of experiment 
; dosage —3.87 log gms.) 


Chicken No. 


Responses of sites 


Mean site 
response 


or chicken 
response (Ys) 


Mean chicken response (¥.)=7.54 
Standard deviation chicken (8-)=4.118 


chi 
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7 
8 
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TABLE 2.—Mean responses and statistics computed in a typical experiment (data of erperi- 
ment 4) 


N | 
q Dose in Number of 
iroup & response {X 


(Yo 


Sf=24. 
= —80.88 
S{X?=342.56 
230.28 
SY? 2,541.23 
—634.18 


Number of dose groups, K=6. 


_S/X_—80.88 
Experiment mean dose, X= yo —3.370, 


Experiment mean response, Y = = 
SXY .—(X)(Sf¥.) —634.18—(—3.370) (230.28) _ 141.86 _ 


S[X?—(X)(S{X) 342.56—(—3.370)(—80.88) ~ 69.99 


2.027. 


Intercept, a= Y—bX =9.595—[(2.027) (—3.370)] = 16.426. 


Regression equation, Y=Y+40(X-X) =9.595+-2.027 (X+3.370). 
Standard deviation of dose group means about regression line, 


1 Sums of columns and products of columns as indicated by the notations. : 
? This value, which is calculated from the dose-group averages, differs slightly from that (3.401) calculated directly from the 
chicken responses and given in table 3. 


TABLE 3.—Summary data of 13 erperiments 


| | Stand- | Test for homogeneity of 


} } }ardde-| variance of chickens 
iaiies | Exper-| Exper-| Slope | viation about dose group means 
iment | iment | of re- | ofdose| 
| mean | mean | gres- | group | 
Experiment i = | log re- | sion | means Degrees 
. dose | sponse | line Prob- 


| | © ability 


' NHR, New Hampshire red; BPR, Barred Plymouth Rock; WPR, White Plymouth Rock. 
? One discordant chicken group omitted. (See text.) 


4 
| 
12.70 | 4) -11.48| 50.80 
5.47 | 4| -19.48| 21.88 
—5.87 | 5. 52 4 | —23.48 | 22.08 
| | 
| 
- 
2. 
| (K-1)| ‘ 
1944 Weeks Number Number, ber 
3-4 | Mixed |1 (or 3) 47 10 —3. 642 | 
3..............|, Mar. 24 3-4 | BPR (or 4) 24 6 |—3.299 | 11.02 | 1.462 | 2.173 | 8.970 5| 0.12 
3-4 | NHR |3 (or 4) 24 6 |—3.370 | 9.59 | 2.027 | 3.401 |16. 964 5 | .0048 
3-4 | NHR |3 (or 4) 22! 6 |—3.354| 11.06 | 1.677 | 1.706 | 5.286 5| 
3-4 | NHR |3 (or 4) 6 | 10.16 | 1.809 | 2.187 |11.778 5| .037 
2-3 | NHR (or 4) 23| 6|—3.509| 11.89 | 1.727| 3.437 |31.199 5 | <.001 
4-6| BPR 2 32 6 |—3.145 | 10.53 | 2.103 | 1.710 | 3. 936 | 5| .56 
5 | BPR |3 (or 4) 23 | 6 [3.478 11. 62 | 2.343 | 2.109 |13. 679 | 5| .018 
May 9 5-6 | NHR |2 48 8 |—4.307 | 10.85 | 1.545 | 3.233 | 9. 469 | 7) 
Raa 6 | WPR [3 (or 4) 22 | 6 |—2.925 | 10.91 | 1.304 | 1.208 | 1.857 5| .89 eee : 
May 29 4-6 | NHR |2 30} |-2.661 | 14.54 | 2.225 | 2.373 | 6.986 | 4] .14 
6-8 | NHR |6 24) |-2.415 | 10.86 | 2.522 | 2.220 | 1.943 | .74 
a 
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TABLE 4,— Analysis of variance, data of experiments 3-13 


All data Restricted data 
Variation 
Degrees De 
of free- Mean F! of free- Mean Fi 
dem square pa square 

10 48. 323 35.83 10 49. 333 37.94 
1 | 3, 384. 59 3 408.3 1 | 3,022. 96 3 486. 8 
10 28. 424 33.43 10 10. 441 1. 68 
Group means about 11 limes_____.______.-.-._-.-----..--- 46 8. 2896 3164 44 6. 2104 1. 24 
Chickens about group 240 230 4. 9987 


1 F represents the variance ratio statistic, tabled by Snedecor (7). The error term for the first three rows is the mean square 
of the fourth row (8.2896 or 6.2104), while the error term for the fourth row is the mean square given in the last row of the table 
(5.0475 or 4.9987). F is determined by dividing the mean square for the variation being tested by its appropriate error term (e. g. 


mean square for variation between slopes (Restricted data) = 10.441; mean square for error term =6.2104; and F= 


10.441 
6.2104 


2 Variation between the relative positions of the dose-response curves with respect to the z (log dose) and y (response) axes. 


3 Significant at level P<0.01; for others P>0.05. 


of the latent period and the logarithm 
of dose is linear or approximately 
linear and that the slope of the re- 
sponse curve is stable, within limits of 
chance variation, in experiments car- 
ried out under similar conditions. The 
linear relationship between reciprocal 
of the latent period and logarithm of 
the dose holds over a range correspond- 
ing approximately to a ten millionfold 
change in agent concentration. This 
function, therefore, constitutes a satis- 
factory criterion of biological activity 
for statistically controlled quantitative 
studies on the agent of chicken tumor I. 

These findings are substantiated 
graphically in figure 14, which shows 
the distribution of dose-group means 
about the common slope after omitting 
the two discordant groups and adjust- 
ing the results of all experiments to the 
same potency. No systematic devia- 
tion of the plotted points from the 
straight line is evident. The variance 
of group responses about the individual 
regression lines was found to be homo- 
geneous when tested by Bartlett’s 
method (7; 18, p. 158). (See table 5.) 
The significant variation in positions of 
the dose-response curves can be ac- 
counted for by variations in potency of 
tumor materials used in the different 
experiments or by differences in the 
susceptibility of the different lots of 
chickens. The relative positions may 
therefore be used to measure such 
differences. 


TABLE 5.—Test for homogeneity of variance 
of dose group means about 11 regression 
lines, experiments 3-13 


Proba- 
Degrees 
Data x? bility 
(P) 
11.92 10 0. 28 
7.31 10 .70 


VARIATION OF CHICKEN RESPONSES 
Although the variance of dose-group 
responses about calculated regression 
lines was found to be homogeneous and 
therefore suitable for comparing the 
data of different experimental groups 
of chickens, the variance of individual 
chickens about the dose-group means 
was found to be heterogeneous (i. e., 
P<0.05) in 4 of 11 experiments ana- 
lyzed statistically (table 3). To deter- 
mine whether the heterogeneity was due 
to a correlation between dose and vari- 
ance (or standard deviation), the ob- 
served standard deviations were plotted 
against adjusted doses (fig. 15).6 The 
scatter of the plotted points is essen- 
tially the same at all dosage levels, with 
no evidence of a dependence upon the 
dose. It is concluded, therefore, that 
the chickens differed more than would 
be expected in their susceptibility to the 
agent, but it has not been possible to 
assign a cause. This phenomenon could 
account for the occasional discordant 
group responses obtained with small 


® See fig. 14 for key to symbols. 
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groups of chickens. The experimental 
animals should be made more uniform 
through selection or further standard- 
ization and the homogeneity of the vari- 
ance tested before drawing conclusions 
from the differences between chicken 
groups. Excessive differences between 
chickens can be segregated by bioassays 
in which each test material is adminis- 
tered to every test animal by a balanced 
experimental design.’ 


SUMMARY 


The latent-period response of chick- 
ens to subcutaneous injections of the 
agent of chicken tumor I was investi- 
gated in 13 experiments. With the ex- 
ception of an occasional discordant 
chicken group (2 in 68), the mean re- 
ciprocal of the latent period was found 
to follow a linear relationship with the 
logarithm of dose. This function serves 
as a satisfactory criterion of biological 
activity for statistically controlled, 
quantitative studies on the tumor agent 
by simplified procedures. Evidence of 
heterogeneity among chicken responses 
was obtained and must be taken into 
consideration in the planning of experi- 
ments and in the interpretation of 
results. 

ADDENDUM 


Studies in progress indicate that the 
biological responses to inoculations in 
the thigh regions may differ signifi- 
cantly from those of the wing and 
breast regions, although such differ- 
ences may not be apparent in all 
chickens. It is probable that greater 
uniformity of results will be obtained 
if the thighs are avoided and inocula- 
tions are made in the wing and breast 
regions only. 


7 See footnote 3. 
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